[1] Five sediment cores from offshore NW Africa were analyzed for strontium and neodymium isotope ratios to reconstruct temporal variations in continental weathering regimes. Sediments were taken from three time slices with well-known and distinctive environmental conditions: present-day (dry and warm), ∼6 ka (wet and warm), and ∼12 ka (dry and cold). Terrigenous sediment samples were split into two size fractions to distinguish between the two dominant transport mechanisms offshore NW Africa: fluvial (0-10 mm) and aeolian (10-40 mm). Sr isotope data record evidence of marked grain size control with higher isotopic ratios in the fine fraction. In contrast, " Nd values are largely unaffected by grain size. Minor variability in Nd isotope data at each sampling site indicates near constant sources of terrigenous matter over the last ∼12 ka. Variations in Sr isotope ratios are interpreted to reflect major changes in the evaporation-precipitation balance. We suggest that the Sr-Nd isotope data record a latitudinal shift of the northern limit of the African rainbelt and associated wind systems causing changes in the humidity and rate of chemical weathering over NW Africa. While hyperarid conditions prevailed ∼12 ka, more humid conditions and intensified monsoonal rainfall at ∼6 ka resulted in greater breakdown of easily weathered K-bearing phases and increased 87 Sr/ 86 Sr in the detritus. In late Holocene times the monsoonal circulation diminished resulting in a return to arid conditions. Our results clearly show that it is of vital importance in paleoenvironmental studies to carry out isotopic analyses on individual sediment fractions that were carried to the studied deposition site by distinct sediment transport mechanisms. If isotopic analyses are carried out on bulk sediments, the observed variability in isotopic values most likely represents changes in the particle size and mixing proportions of the sediment subpopulations.
1. Introduction 1.1. Provenance Studies [2] The terrigenous fraction deposited in marine sediments offshore NW Africa forms an excellent archive of hydrological and climatic changes on the continent at different temporal and spatial scales [Sarnthein et al., 1982; Tjallingii et al., 2008] . In regions downwind of deserts, such as the Sahara, aeolian dust is the major component of the terrigenous fraction in deep-sea sediments [e.g., Sarnthein et al., 1982] . Using satellite images, like Total Ozone Mapping Spectrophotometer (TOMS; Figure 1 ), the huge plume transporting dust from the African interior to the Atlantic can be easily monitored. The particle size of the transported dust varies as a function of the distance from source to sink and altitude at which the particles are transported [Stuut et al., 2005] . Proximal aeolian dust from the Cape Verde Islands contain grains up to 90 mm in diameter [Glaccum and Prospero, 1980] . Stuut et al. [2005] detected particle sizes larger than 10 mm in modern atmospheric dust samples collected off Senegal and Mauritania. Although NW Africa is presently a dry region, terrigenous material supplied by rivers is another significant component in NE Atlantic sediments [Holz et al., 2007] . Terrigenous material transported by rivers is much finer in size compared to the dust fraction. Gac and Kane [1986] investigated the fluvial sediment supplied by the Senegal River and found that 95% of the particles are smaller than 10 mm. Similar values were observed offshore of the Souss River system, which drains the Atlas Mountains in Morocco [Weltje and Prins, 2007] . [3] Grain size measurements can successfully distinguish between the different transport mechanisms of terrigenous sediments because the sedimenttransport process leaves a characteristic grain size signature on the sediments it carries [e.g., Stuut et al., 2002; Weltje and Prins, 2007] . Downcore measurements of grain sizes in marine sediment cores offshore NW Africa demonstrate a temporal change in the amount of fluvial and aeolian input, with an increase of fluvial supply during humid periods [e.g., Tjallingii et al., 2008] . Conversely, during arid periods the amount of windblown material is higher than the fluvial supply [e.g., Mulitza et al., 2008] . [4] Although grain size measurements can constrain different transport mechanisms, they are unlikely to be diagnostic of the geological source area of the terrigenous material or to reflect the environmental conditions on land. The aim of this study is to reconstruct the provenance of the terrigenous fraction and to investigate the hydrological changes in NW Africa since ∼12 ka in three key time slices that represent known periods of extreme climate: present-day (dry and warm), mid-Holocene (wet and warm), and Younger Dryas (∼12 ka, dry and cold). Therefore, in addition to grain size distributions of the terrigenous sediment fraction we report the strontium (Sr) and neodymium (Nd) isotopic composition of the terrigenous sediments to provide information on sediment provenance and continental weathering. [5] Strontium is very mobile during chemical weathering and can be easily removed from the source region [Blum and Erel, 2003, 1997] . Therefore, variations in the 87 Sr/ 86 Sr ratio of sediments have been demonstrated to be a powerful tool to identify changes in the continental hydrology and chemical weathering regimes [e.g., Blum and Erel, 2003; Jung et al., 2004; Weldeab et al., 2002] . Contrary, Nd isotopes are not altered and therefore not fractionated during near-surface processes, such as chemical weathering. Hence, the isotopic composition of 143 Nd/ 144 Nd has been demonstrated to be a reliable indicator of the provenance of the terrigenous fraction of marine sediments [Blum and Erel, 2003; Fagel et al., 2002; Goldstein and O'Nions, 1981] .
[6] Consequently, combined Sr-Nd isotope analysis of sediments characterized by size-selective sediment-transport mechanisms potentially enables the distinction and quantification of the contribution of different source areas and the reconstruction of regional weathering regimes. This study applies this methodology to Holocene sediments offshore NW Africa to determine how the sedimentary record responds to major climatic changes. summer rainfall. The northern part is dominated by the migration of cyclones, causing winter rain [Nicholson, 2000] . The main driver of the atmospheric circulation over the region is the seasonal migration of the tropical rainbelt; its core lies at 5°N during boreal winter and at 19°N during boreal summer [Nicholson, 2000] . Besides these seasonal fluctuations it is assumed that the latitudinal position and/or the intensity of the wind belts has changed over geological time scales and caused variations in the hydrological conditions on land. Evidence for a change in the evaporation-precipitation balance in NW Africa during the Holocene is reported in several studies [e.g., Gasse and van Campo, 1994; Gasse et al., 1990] . [8] The warming trend at the end of the Pleistocene is marked by a pronounced cold and dry period, the Younger Dryas, which is defined as a northern hemisphere event (YD; ∼12.8 to 11.5 ka) [Kennett, 1990] . Evidence of the YD in NW Africa is widespread [Gasse and van Campo, 1994; Marret and Turon, 1994 ]. Proxy and model based reconstructions indicate a change in the atmospheric circulation and stronger northeastern trade winds as well as a shift to cooler and drier conditions throughout NW Africa [Holz et al., 2007; Marret and Turon, 1994] . [9] After the termination of the YD, increased summer insolation and an intensified monsoon circulation linked to a northward shift of the African rainbelt over NW Africa caused more humid conditions and increased vegetation cover [Nicholson et al., 1980; Nicholson, 2000; Tjallingii et al., 2008] . Evidence for wetter conditions during the early and midHolocene was found in numerous geological, palynological, and hydrological records throughout NW Africa; the so-called African Humid Period (AHP) [e.g., deMenocal et al., 2000a] . Based on an atmospheric general circulation model, Kutzbach and Street-Perrott [1985] concluded that the precipitation over the Sahel at 9 ka was ∼30% higher than today. deMenocal et al. [2000b] reported 47% less aeolian dust supply to the Atlantic during the AHP, providing further evidence of significant climate change.
[10] In marine sediment cores offshore West Africa an increase in dust deposits is recorded since 5.5 ka toward the end of the Holocene, pointing to drier conditions [deMenocal et al., 2000a] . Several proxy investigations report evidence of an aridification since the mid-Holocene throughout the Sahara and the Sahel [Gasse and van Campo, 1994] . These proxy-based investigations are consistent with climate-modeling studies [Renssen et al., 2006] .
Grain Size Effect in Sr and Nd Isotopes
[11] The impact of grain size on the isotopic fractionation in sedimentary rocks is a known but often neglected problem. Many studies have established differences in the isotopic signature of different grain size fractions [e.g., Blum and Erel, 2003; Dasch, 1969] . While the influence of grain size on the isotopic composition of Sr is proven by numerous studies (e.g., see review by Blum and Erel [2003] ), the effect of grain size on Nd isotope ratios is still a matter of debate. Dasch [1969] Feng et al. [2011] analyzed Sr and Nd concentrations in seven distinct size fractions from Chinese loess and aeolian dust. They discovered that the isotopic ratio of Sr is strongly influenced by grain size but that there is no influence on Nd values.
[12] Most previous Sr-Nd isotope provenance studies concentrated on bulk samples or single size fractions [e.g., Cole et al., 2009; Jullien et al., 2007] . However, numerous proxy studies suggest that there are variable contributions of detritus to individual sediments from distinctly different grain size fractions, related to different sediment-transport mechanisms, such as riverine suspension load and windblown dust [e.g., Holz et al., 2007; Stuut et al., 2002; Weltje and Prins, 2003] . Hence, different transport mechanisms contribute different grain size fractions, which should be visible in the isotopic composition as well. For a detailed paleoenvironmental interpretation or to reconstruct the evaporation-precipitation balance we need to take these grain size differences into account. The aim of this work is to quantify the magnitude of the grain size effect by using two different size fractions that represent clearly resolved end-members following detailed grain size analysis, a fine fraction (0-10 mm) and a coarse fraction (10-40 mm), representing fluvial mud, and aeolian dust, respectively. [13] This study was performed on five deep-sea sediment cores offshore NW Africa and sampled at three time slices, and four modern dust filter samples (Figure 1 ). The marine sediments (between 29°N and 15°N) and atmospheric dust samples were recovered during several cruises of R/V Meteor offshore Morocco, Western Sahara, Mauritania and Senegal. Exact locations of sediment cores and dust filter samples can be found in the auxiliary material. 1 2.1. Grain Size Analyses [14] In order to investigate variations in the sediment supply of the terrigenous fraction since the YD, grain size distributions were determined using a laser diffraction particle size analyzer (Beckman Coulter) LS200, resulting in 92 size classes from 0.4 to 2000 mm. Organic material, calcium carbonate, and biogenic silica were removed prior to measurements (see auxiliary material). To verify that all components were removed successfully, microscope analyses were carried out on selected samples. For the continuous Holocene grain size records, cores GeoB 4223, GIK 12379 and GIK 13588 were sampled every cm, core GeoB 9508 and GeoB 7920 every 5 cm. All pretreatments and grain size analyses were performed in the laboratories at MARUM, Bremen.
Material and Methods
[15] Downcore log 10 ratios of the median grain sizes of all cores are reported in Figure 2 . To emphasize the trend, not amplitude, log 10 ratios are chosen. As absolute dates were not always available for the individual sediment records, samples for isotope analyses were selected based on maxima and minima in the median grain size records, in combination with the published age models for the individual records (see auxiliary material). This means that samples were selected to cover the well-known climatic extremes (REC, recent; AHP, African Humid Period; YD, Younger Dryas) based on the observed expression of those extremes in the grain size data, rather than based solely on reconstructed age models. Generally, the YD yield coarsest grain sizes, while during the AHP finest grain sizes are observed. The REC period yields coarser material again. Grain size measurements of the dust filter samples show a mean grain size between 7.1 to 21.7 mm [Stuut et al., 2005] . [16] Based on published end-member modeling studies [Holz et al., 2004; Tjallingii et al., 2008] we separated our terrigenous fraction into two size classes. The fine fraction (0-10 mm) is interpreted as fluvial input, the coarse fraction (10-40 mm) as aeolian material. Grain size separation was undertaken in settling tubes using Stoke's Law. Grain size analyses of the single size fractions indicated only minor overlap between both fractions. Furthermore, differences in the mineralogy of the two size fractions were determined by visual inspection using a binocular microscope. 
Sample Preparation

Isotope Analysis
[18] Isotopic measurements were performed at the VU Amsterdam. Strontium isotope compositions were determined using a MAT 262 Thermal Ionisation Mass Spectrometer (TIMS). Samples were loaded onto single rhenium filaments and measured in static mode.
87 Sr/ 86 Sr ratios were corrected for mass fractionation by normalizing to 86 Sr/ 88 Sr = 0.1194. Over the period of the study, the NBS 987 standard gave an average values of 87 Sr/ 86 Sr = 0.710241 ± 0.000004 (2s; n = 10). Blanks typically yield < 200 pg so that blank contribution to the analyses can be neglected. Duplicate Sr isotope analyses were performed on separate solutions for some samples (Table 1 ). The results show that nearly all duplicates fall within uncertainty limits and variations have been considered negligible considering the overall variation of isotopic compositions.
[19] Neodymium isotope ratios were measured using a ThermoFinnigan Neptune MC-ICP-MS. ] using the present-day "chondritic uniform reservoir" (CHUR) value of 0.512636 [Jacobsen and Wasserburg, 1980 ]. An aliquot (∼5%) of each sediment size fraction was analyzed for trace elements concentrations using a Quadrupole Thermo X-Series II ICP-MS.
Results
[20] Measured Nd isotope ratios range between " Nd −11.0 and −16.4 (Table 1 ). There is a clear difference between the northernmost core (−11.0 to −12.6) and the four cores retrieved between 23°5 S and 15°5 S (−13.5 to −16.4). Differences in Nd isotope ratios between the three periods in each core are relatively small in all cores. In contrast, 87 Sr/ 86 Sr ratios vary significantly, between 0.7172 and 0.7304 (Table 1) [21] In order to estimate the temporal geochemical evolution of the source regions, Nd and Sr isotope data were used to calculate model ages of the terrigenous material relative to depleted mantle (T DM ) and Bulk Earth (T BE ; Table 1 ). The majority of Nd and Sr model ages vary between 1.62 and 2.43 Ga and 0.22-2.80 Ga, respectively. The T BE value of 7.31 Ga, calculated for the fine fraction of the YD in core GIK 12379, is considered as an outlier and is not taken into account for further discussion. T DM model ages are generally older in the coarse fraction than in the fine fraction. Highest Nd model ages are found in the AHP coarse fraction. Importantly, there is no significant difference between T DM ages of the fine fractions. The Rb/Sr ratio of continental crust is increased by several intracrustal processes, for example crustal melting or weathering. The greater the number of times crustal material is subjected to such processes the greater the increase in the Rb/Sr ratio [Blum and Erel, 2003; McDermott and Hawkesworth, 1990] . In contrast, REE abundances are hardly changed by intercrustal processes so that Sm/Nd remains relatively constant in the upper crust [Blum and Erel, 2003] . The effect of increasing Rb/Sr is that Sr model ages (T BE ) are reduced whereas Nd model ages (T DM ) remain hardly changed. A monitor of the changes caused to Rb/Sr by variations of physical and chemical weathering in sedimentary source regions is therefore provided by the ratio of Sr and Nd model ages; T BE /T DM (see Table 1 ) [Davies et al., 1989; McDermott and Hawkesworth, 1990] . This ratio averages 0.35 for the fine fraction compared to 0.63 for the coarse fraction.
Discussion
Grain Size Effect
[22] We analyzed Sr and Nd in two separate grain size fractions in order to identify if there is a grain size effect on the isotopic composition of both elements. Our measurements confirm that the grain size effect on the Sr isotope composition is significant and must be taken into account when Sr isotope values are interpreted in terms of provenance and/or weathering intensity. It is apparent from Figure 3 that 87 Sr/ 86 Sr ratios vary as a function of grain size independently of any climatic fluctuations (Figure 3, left) . Thirteen of fifteen samples of the fine fraction (open symbols) display higher 87 Sr/ 86 Sr isotopic ratios than the coarse fraction (filled symbols). This isotopic variation is most obvious within the AHP (Figure 3, middle) . The fine fraction has an average ratio of ∼0.721 ± 0.000011 (2s, n = 5), whereas the coarse fraction yields ∼0.716 ± 0.000011 (2s, n = 5). A similar difference is also recorded by the REC samples, where the average ratio of the fine fraction is ∼0.724 (2s, n = 5) and ∼0.718 (2s, n = 5) in the coarse fraction, as well as in the YD samples, with ∼0.725 (2s, n = 5) in the fine fraction and ∼0.721 (2s, n = 5) in the coarse fraction. Hence, our 87 Sr/ 86 Sr data demonstrate that there is a significant contrast between the fine and coarse size fractions. Isotopic measurements on bulk sediment samples that are not split into size fractions would give a mixed signal of both size fractions. If transport processes lead to variations in the input of the different size fractions, then bulk analyses will give biases in the isotopic measurements.
[23] One possible reason for the grain size effect could be found in the mineralogy of the samples. From the visual inspection of the samples we know that the coarse fraction is dominated by quartz and feldspar while the fine fraction is enriched in clay minerals and micas. Our observation is corroborated by other investigations of Saharan dust and fluvial supply [Pye, 1987; Stuut et al., 2005] . Since Sr is produced by the radioactive decay of Rb, sediments derived from Rb-bearing phases such as clay minerals, yield high 87 Sr/ 86 Sr rations [Blum and Erel, 1997] . However, minerals exhibit different response to chemical weathering [Blum and Erel, 1997] , with quartz showing a strong resistance to chemical weathering whereas feldspars and clays are more easily broken down. Since Sr is more readily released into solution than Rb during chemical weathering, finer-grained weathering products tend to be enriched in Rb-bearing alteration products such as clays [Blum and Erel, 1997; Faure, 1986] . Therefore, during enhanced chemical weathering, particles and minerals become smaller in size and Sr isotope ratio increases with decreasing particle size. In summary, strontium isotope ratios in sediments are generally higher than the parent rocks and this tendency is more extreme with smaller sediment grain sizes, and with higher influence of chemical weathering. In terms of Sr isotope ratios, quartz acts almost as an inert phase in sedimentary systems diluting the influence of Rb-and Sr-bearing phases. The data presented in this study demonstrate that grain size has a significant impact on the isotopic composition of Sr. Consequently, investigations of bulk sediment samples without grain size separations are hard to interpret as the observed changes in isotopic values could simply be the result of changes in grain size due to varying input of dust and fluvial material. Therefore, great care should be taken with the interpretation of analyses in which size separation has not been performed. [24] In contrast, " Nd appears unaffected by grain size (Figure 3, right) . Averaged " Nd values for the coarse and fine fractions are very similar, with −13.4 in the fine fraction and −13.8 in the coarse fraction. Equally, the Nd isotope difference between fine and coarse fractions within the different time periods is also minor; REC is 0.3 " Nd , for the AHP 0.8 " Nd and for the YD 0.9 " Nd . Our data support the findings of Goldstein et al. [1984] that grain size has no significant effect on the " Nd composition. However, in all cases calculated T DM model ages are older in the coarse than the fine fraction. Since there is no change in the " Nd values between the fine and the coarse fractions, the difference in model ages can only be due to higher Sm/Nd ratios in the coarser fractions due to variations in the mineralogy of the samples or to greater abundance of heavy minerals such as zircon [White et al., 1986] .
Provenance of Marine Sediments off NW Africa
[25] The Nd isotope composition of marine sediments can be influenced by the isotopic composition and crustal age of their parent rocks and by mixing with other material during transport between source and sink. Since Nd isotopes are not fractionated by chemical weathering we use " Nd as a tracer of the geological provenance. The isotopic data show a clear difference between the northern core off Morocco (∼−11.6 " Nd ) and the cores off Mauritania and Senegal (between −13.5 and −16.4 " Nd ). The observed " Nd values can be explained by the diverse geology in the area (Figure 4) . Most of the NW African basement belongs to the West African Craton extending from the Atlas Mountains in the north to the Gulf of Guinea in the south. The Craton is mainly made up of late Archaean and early mid Proterozoic crystalline basement rocks (∼2.0 Ga) [Lecorche et al., 1991] . The oldest rocks are 3.5-3.6 Ga and are exposed in the southwestern part of the Reguibat shield (Figure 4) [Potrel et al., 1996] . The Craton is bounded by the Atlas Mountains in the NNW which were formed much later in several phases of Earth's history [e.g., Ennih and Liegeois, 2008] . The last period of tectonic deformation occurred during the Late Cretaceous-Cenozoic (∼65 Ma) when Africa and Eurasia started colliding [Wright et al., 1985] . Therefore, the more radiogenic ratios of GeoB 4223 off Morocco are a consequence of the younger material eroded from the Atlas Mountains. T DM model ages given in Table 1 demonstrate that core GeoB 4223 yields T DM ages of ∼1.66 Ga in the fine fraction and ∼1.83 Ga in the coarse fraction. In contrast T DM model ages for the southern cores are older, with ∼1.74 Ga in the fine and ∼1.96 Ga in the coarse fraction. We interpret the isotopic values of the southern cores as dominated by the Archaean West African Craton.
[26] On a Sr-Nd mixing diagram ( Figure 5 ) we interpret the mixtures of the investigated sediments between two possible end-members of the terrigenous fraction proposed by Grousset et al. [1998] . In agreement with these data the samples presented in this study allow a distinction between the relatively unradiogenic northerly sediment, influenced by sources in the Atlas Mountains, and a southerly source dominated by the very unradiogenic signal derived from the Archaean outcrops in Mauritania with " Nd values between −20.4 and −54.2 [Potrel et al., 1996] . The " Nd variability in the source areas is, however, not reflected by any resolvable temporal variation in the individual cores sampled in the eastern Atlantic Ocean. This observation implies that the provenance of the sediment has remained constant over the entire Holocene.
[27] Similar findings were recently reported by Cole et al. [2009] . They studied marine sediment core ODP 658C offshore Mauritania (Figure 1 ) where they found only minor variability of < 0.9 " Nd throughout the last 25 ka. Further support for a constant sediment provenance comes from the work of Jullien et al. [2007] who analyzed marine sediment core MD03-2705 offshore Mauritania (Figure 1 ). They found no difference in " Nd values between the YD (−14.6) and glacial sediments (−14.7). Furthermore, Grousset et al. [1998] Figure 5 shows the distinctions between the three periods (ellipse). During the YD (triangles) hyperarid conditions are prevailing, and during the AHP (squares) moist conditions can be observed. At recent times (diamonds) a return to dry conditions is indicated. Present-day dust filter samples (dots; obtained from Stuut et al. [2005] ) are in line with REC samples. The " Nd dates show a clear difference of the geologic source area between the northern core and the group of cores south of 23°N. A comparison between both size fractions shows the same trend but a different isotopic ratio. To define possible end-members, data from dust source regions on land are included [see Grousset et al., 1998 ]. Therefore, they proposed no significant change in the source area of sediments between the LGM and modern times. [28] To summarize, the variability in the " Nd values of sediment size fractions from NW Africa indicates that there are two major source areas. The northern core is influenced by the younger and more radiogenic material originating from the Atlas Mountains and a more southern source dominated by the very unradiogenic old basement rocks of the West African Craton. The minimal changes in the isotopic records suggest changes in the intensity of the different source areas but no major change in the geological source area since the YD.
Changes in Chemical Weathering
Regime During the Holocene [29] In marked contrast to the minor changes recorded by " Nd values, 87 Sr/ 86 Sr ratios document large variations within the different sediment cores (between 0.7107 and 0.7305). Since our study was performed on distinct grain size fractions we minimized the influence of any grain size or mineralogical control. In addition, the size separation allows the distinction between aeolian dust (10-40 mm) and fluvial input (0-10 mm). During times of enhanced chemical weathering more 87 Sr is eluted from the source material [Blum and Erel, 2003] . Hence, low Sr isotopic ratios are interpreted to reflect an increase in chemical weathering and vice versa; during arid conditions the effect of chemical weathering is diminished and the Sr isotopic ratio is generally higher [Blum and Erel, 1997, 2003; Jung et al., 2004] . Thus, corroborating with previous studies, we interpret the observed variations in 87 Sr/ 86 Sr as predominantly a consequence of changes in the evaporation-precipitation balance and the amount of chemical weathering [e.g., Åberg et al., 1989; Blum et al., 1993; Blum and Erel, 1997, 2003; Capo et al., 1998; Dasch, 1969; Derry and FranceLanord, 1996; Jung et al., 2004] . The temporal variations in the isotopic record are illustrated in Figures 3 and 5 . Since the evaporation-precipitation balance and hence the humidity over NW Africa is mainly influenced by the African rainbelt [e.g., Mulitza et al., 2008] Sr ratio during the AHP (0.7137) suggests drier conditions during the AHP than within the YD. In recent times, the fine fraction from the northern core is consistent with the current arid conditions in having the most radiogenic Sr isotope ratio of the three time intervals (0.7160). The coarse fraction of GeoB 4223 has a different signal compared to the fine fraction. The 87 Sr/ 86 Sr values record comparable variations to the southern cores, with driest conditions during the YD (∼0.721), wetter conditions during the AHP (∼0.710) and a return to drier conditions in modern times (∼0.716). Due to the complex isotopic variations recorded in the different fractions of core GeoB 4223, we propose that during the YD there was a seasonal influence of extratropical cool and humid west wind systems.
[31] Variations in the atmospheric circulation over NW Africa and/or a shift in the latitudinal position of the African rain belt are indicated by several studies [e.g., Liu et al., 2007] . Potentially, the northern front of the monsoon belt moved about 700 km to the north during the AHP. The opposite movement is implied during glacial times when the African rainbelt shifted equatorward compared to modern times [Hooghiemstra, 1988] . As a consequence, the northernmost part of North Africa was influenced by the North Atlantic climate system. Measured Sr isotope ratios of the fine fraction of core GeoB 4223 are in agreement with this finding, they indicate most humid conditions during the YD. During the AHP the African rainbelt had a more northern position than today. While the general climate of NW Africa was more humid during the AHP, the northern part of the African continent was generally wet, but outside the influence of the extratropical wind systems [Nicholson, 2000] . Hence, Sr isotope ratios of the northern core indicate drier conditions during the AHP than during the YD. A northward shift or an expansion of the African rainbelt and the monsoon winds during the mid-Holocene explain the opposing climatic trends indicated by the northern and southern cores.
[32] A more quantitative way of examining the effect of weathering processes on the different size fractions is to calculate ratios between T BE and T DM ( Table 1 ). Given that REE fractionation by weathering processes is minimal [e.g., Blum and Erel, 2003] , the T BE /T DM ratio is mainly dominated by fractionation in Rb/Sr [e.g., Davies et al., 1985; McDermott and Hawkesworth, 1990] . During times of enhanced chemical weathering associated with a wetter environment more 87 Sr is released into solution from the source rocks due to the preferential breakdown of Rb-rich phases such as mica and K-feldspar. This leads to a greater fractionation of Rb-Sr isotope during more humid periods and to a lower T BE /T DM ratio in the sediments produced. Such systematic can be observed in core GeoB 9508 where T BE ages are lowest during the AHP period for both size fractions. Additionally, the lowest T BE /T DM ratios are found in the AHP period for fine and coarse fractions. Calculated T BE /T DM ratios for the other four cores do not show such consistency. T BE /T DM ratios are higher during the AHP than during the REC and YD in the coarse fraction. Within the fine fraction no clear temporal variations can be resolved. This observation suggests that the combination of grain size control of Rb/Sr and different aeolian and fluvial inputs does not always yield coherent behavior in the Rb-Sr system. Core GeoB 9508 with the coherent variations in T BE /T DM is located in the vicinity of the Senegal River. The generally humid environment at this latitude and the continuous supply of fluvial matter would be expected to cause a lower T BE /T DM ratio due to a greater abundance of Rb-rich phases in the fluvial material. In contrast, the other cores record more complex Sr and Nd isotope systematics most likely influenced by variations in the input of aeolian and fluvial material.
Conclusions
[33] The Sr-Nd isotope records from different marine sediment cores along the NW African coast are used to document a detailed provenance and weathering record in three time slices since the YD. Nd isotope ratios record minimal changes over time, indicating little change in the provenance of the different source materials and no significant change in the geological source area since the YD. By contrast, major variations in Sr isotope ratios indicate large changes in the humidity and rate of chemical weathering during the Holocene. The combined Sr-Nd isotope data indicate a latitudinal shift or an expansion of the African rainbelt and the associated wind belts causing changes in the evaporation-precipitation balance over NW Africa. While hyperarid conditions prevail during the YD, more humid conditions and intensified monsoonal rainfall characterize the AHP. In late Holocene times the monsoonal circulation diminished causing a return to arid conditions in NW Africa. In addition, our data clearly demonstrate that the isotopic ratio of 87 Sr/ 86 Sr is strongly influenced by grain size and that the isotopic ratio is generally higher in the fine fraction. As a result, investigations of bulk sediment samples without grain size separations are hard to interpret. We recommend that grain size separation is utilized in all studies of the geochemical and isotopic variations in detrital sediments. A further detailed investigation incorporating grain size measurements and isotope analyses on mineralogically well-constrained sediments is required to improve our understanding of the influence of variations in the amount of dust and fluvial matter on the isotopic fractionation.
